WO 01/ 09926 1 PCT/ EPO0O/ 07042 | MPROVED LADDER BOAT FOR- SUPPORTI NG WAFERS
FI ELD OF THE | NVENTI ON The present invention relates to the manufacture of
sem conductor integrated circuits (1Cs) and nore particul arl 5 to an

i nproved | adW&018¥3¢ whi ch supports the seni conduct or vvafé’r‘é F40/07042
processi ng. BACKGROUND OF THE | NVENTI ON Processi ng of sem conductor wafers
(hereinafter called "wafers") includes a nunber of heat treatnents at

el evated 10 tenperatures to diffuse dopants, to deposit oxide |ayers and
so on. Vertical furnaces are extensively used to date for conducting heat
treatnments during so-called "hot" processes which include | ow pressure
chem cal vertical deposition (LPCVD), atnospheric oxidation (ATM and.
anneal steps. A 15 vertical heat treatnent furnace includes a | adder boat
to-hold the wafers that are di sposed horizontally and spaced from another

in the vertical rpFEDLADIERCBOAT FOR SUPPORTENG CWAFERSaded and
unl oaded in and out of the heat treatnent furnace by the transfer fork of

a robot. 20 FIG 1 is conprised of FIGS. 1A and | B which schematically
show the top view and the cross-sectional view (taken along CONFI RVATI ON
COPY WO 01/09926 2 PCT/ EPOO/ 07042 I|ine AA of FIG 1A) of a conventiona

| adder boat referenced 10 currently used in standard LPCVD furnaces. It is
important to point out thatFibeDidd THE aNVENBIGWEe not necessarily drawn

to scale. Nowturning to FIG 1, as known for those skilled in 5 the art,
the | adder boat 10 conprises a top plate 11 and a bottom plate 11B (not
shown) vertically opposing each other, six rectangul ar-shaped support rods

12 (the nppber ,¢@BeN@'Y invention relates to the manufacture of

semiconductor integrated circuits (ICs) and more particularly

5 to an improved ladder boat which supports the semiconductor
wafers for processing.

BACKGROUND OF THE INVENTiON

Processing of semiconductdr wafers (hereinafter called
*wafers”) includes a number of heat treatments at elevated
10 temperatures to diffuse dopants, to deposit oxide layers and
so on. Vertical furnaces are extensively used to date for
conducting heat treatments during so-called “hot" processes
which include 1low pressure chemical vertical deposition
(LPCVD), atmospheric oxidation (ATM) and anneal steps. A
15 vertical heat treatment furnace :|.nc1udes a ladder boat to- hold", .
"'the wafers that are disposed horlzontally and spaced from "
another in the vertical direction. The wafers can be
automatically loaded and unloaded in and out of the heat

treatment furnace by the transfer fork of a robot.

20 FIG. 1 is comprised of FIGS. 1A and 1B which schematically

show the top view and the cross-sectional view (taken aliong
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bet ween four and six) provided between the top and bottom plates. G ooves
or slots are fornmed at,equal distance in the 10 support rods by a grinding
machi ne as standard that define |odgnents to receive the silicon wafers
14. As a resWOOM09%6 ot rusi ons conmonl yareferred to as di vi RT<ERMIW 2N ced
13 are created and they will support the silicon wafers 14 at their

peri pher dinsuPPacE. TS apir vt @ ncrpentiongly bdder) Pasty & <fereRESFener al

shape of 1904aredntest Bsbal tROBEANELLN LBV ettt ces .al 130 GO NFRpRintanged in
t he sem conduct or industry

), Plates 11 . and support rods 12 .are typicall
made of $& &CiGtasutatdatylibe 2‘%5:/’&‘?5@%?%%?’?/%%@ REETEr4 rg%g'ﬁar at gd
in the weyidcaak.dierctusnmiby o HTd.anceatl Rhewadffr i thdd«G skijl12@ def erred
to as the "pitch" in the.technical .|Liter Ty.i.C t acity of
such§a c &Ferfi onat™§ ag%%éeﬁog?algslbofc ng%E\%\g?era syt\[/)ﬁpt ahgiaaYtﬁ t{c]ﬁ %&gf gabgut
.14 i nch Hogttom WIRtEOOOE fresict showrSVFEHERMIDY SHPOFGDE, @8R GSARTer 170
vafers wdify %?(c.ryleoa&fg}}l%&-s%aheﬁhshsboetTE'oaéLFidA&?(m@%%béJ okyp Bhegtron

25 Linited, , Japan). Tt is rnportant to notice that with this type of
| adder bdwtwern tfRuroaRdctSincPFetifash Betweer FhearPrathd ofoltfkem

di \éi ?erf_phﬁc%épp@ﬂdo%si toxt i?ﬂ@ssu&%?@%meae?en@lali idlsElaﬁge 1n| the f
substantia a square, in e present case. ica val.ue o
contfct s‘tﬂﬂéfé Srqt? afBuf @’fﬁﬁfﬁnlgn ‘W&lﬁeongg Sgﬁﬁé@é‘gt ﬁgaga(??f&lnﬁoat 10
I S provi desfigMenitssi o Suepeiver odse $2)itte tweitfehrscold actAssuaf aesuilhi,.ch 1S
equal to I s 3 C lL.at Lye A t LQ9 3

q %f&s’l ns gomqgg%% AL @' LY %i%g%g?t?%eﬁgfereme%l 19 %%gf

PCT/ EPOO/ ecause norocrystalline silico ase material
seni conduerentegafands theys wilde|sunpgrpoithe cfiligep @afegpyddapli fdedssf ects

tend 10 (B NAGE Idhrtackll ALSafareaft! Sin Ofrd Ne15i bi¢oeMal €8S hhde
SUDRB{te thIJJEZE; pgggéerggsséggégd teeth (although rounded teeth are
also commonly used in the semiconductor industry). Plates 11

and support rods 12 are typically made of solar glass and

" quartz ware respectively. Wafers 14 are separated in the
vertical direction by a distance (labeled P in FIG. 1)

20 referred to as the *“pitch” in the technical literature.
Typically, the capacity of such a conventional ladder boat is

of 160 wafers with a pitch P of about .14 inch for a VTR 7000+

reactor (SVG-THERMCO, San Jose, CA, USA) or 170 wafers with a

pitch of .2 inch for a TEL ALPHA8 reactor (Tokyo Electron

25 Limited, Tokyo, Japan).

It is important to notice that with this type of ladder boat
10 the contact 2zone between a wafer 14 and each of the
dividers 13 supporting it, is a surface referenced S in FIG.
1, substantially a scquare in the present case. Typically, the
30 value of contact surface S is about 6 mm2. In addition,
because the ladder boat 10 is provided with six support rods
12, the total contact surface which is equal to 6xS (i.e. 36

mm2} can be relatively important.



5 contact surface S |ocations during standard heat treatnents that are
conducted at 1000 C and above. These defects form' the well known "slip
lines" or "m croscratches" which can be seen either by visual inspection ,
or using neYRP¥YP¥g lenses. It is widely adnitted in thepgyﬁ?@@mfgct or

i ndustry that the 10 origin of these mcroscratches cones from the. fact
that thBecanser smapecEYRfkkid® atsikGan peftder Page aMateredd nifoer of

p?)si ti pgg?%gggd,%&gxhﬁ V?rf%&gmt Fl_a-ge)g Eﬂenfagﬁgl i’:\ﬁ@fht% ntef nal410st reesses t ake’
place in e er are reliev y ip .line formatio M., .t he ot her
hand, sFFYEbR q‘%%‘fetcfslg:eﬁgr ttl"cl%ggecBﬁF'égt el vt e e r%&) HE%hi ppi ng
particl eg e¢he sheitenndafersyid nstpmsridd thhe sthe onirpoirts modscd.2S dtocat | ons
as .a result of i gal, frigtian. L o} ace S
Gendr at 6oh5agh) FUEEREE,§° 1qcleiopl ol B0 Udeplhe o e s OBF Sfmcsitd

subst anthak a2e dogdagsefontofl00Re ‘Chianiéhexovsi fHhafe yAefifF t@orft%™ nati on,

of the depqehtednbanens1Einalhys~ bepavnectEsMRA L dR20t AihichnWatidded vacuum
system the mcroscratches_and chi pping BarthI es generati henonena is
i ncr eas &8Py eikBeYi BYaiisHal c ARSRECHYOR her plfipRd T82 righ?j;e Sspecific
]pr obl ngQf i b\lfimeilgrnhadmdi:f:éftlr egt thaddetniboaductast ghsiudtaye thean yhreoposed so
ar or__exanpl e, e so-.called “rin oat " rej S e not
sudBort@Elﬁ')’Indio&i Jeress MGe Sggggc%?gt ﬁgmg%pggﬁ' ?%gsffgrglt\rll\%%%ﬁ:nst?{eead are
support ecfems ahe suppvdmdand whedr spemiphetivc @t by liméredmumber @& i pher al

30 ©dges, gl + Afis "ALeLS 1GOMAC lpddlRnk! SN J11GIA! 1 8lgPSEer 1
m tigatéd, reducing thereby the occurrence of m crosgratches. wever,
ring bo&@t¥egpesdithikec BliRceo i avatennghat: RER éﬁﬁéﬁgFge.byl\/bﬁEgﬁ/er, t he

COH]E act 19wkl agernatie. iowordmnt erauUSkant, i Sseljiedn t caridie qudeadt i ng
SUHSacepar ig}ég9%%912&&?3@f¥w¥¥é£¥¥gé to as chipping particles can
be found in vicinities of these contact surface S locations as

a result of mechanical friction.

In addition, each contact surface S generates a cold zone on
the wafer active surface which c¢reates a substantial
20 degradation of the thickness uniformity and contamination, of

the deposited layer.

Finally, because LPCVD reactors include a vacuum system, the
microscratches and chipping particles generation phenomena is
increased by the vibrations caused by the pump. To solve this
25 specific problem of vibrations, different laddexr boat designs
have been proposed so far. For example, the so-called *“ring
boat” wherein the wafers are not supported by dividers in
grooves of the support rods, rings instead are supported in
the grooves and wafers held directly thereon. The peripheral
30 edges of the wafers contact the rings and internal stresses
are mitigated, reducing thereby the occurrence of
microscratches. However, ring boats are difficult to fabricate
and rather expensivé. Moreover, the contact surface is too

important because it is egual to the whole ring surface.



Al'l these drawbacks are also valid for thefmal oxi dation and anneal steps
that are perforned at the -atnospheric pressure, except the vibrations
because no vacuumsystemis used in this case. 5 The presep of

m croscr at chg@(ﬂw&‘%hi pping particles 4t the wafer backsi dsgf@"?f"g%z
critical later on in the wafer nmanufactuyri n%zlprocess because |t %ﬁferat es

def ocuseddhi fhreseeWRasien & F % 2l y at
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modi fi ed P t eé% tg?‘r%%r}%e%é}ues% Qﬁ?gﬁgg'l Isyf & wa e‘?SéC? J?Le ocus
pl an of tdesephotolithography tool during its exposition to WIight
creating thereby photolithography defects necessitating a rework step as
it 15 wll be discussed in nore details later on. Such a _reworkin
oper & i orfifhaubRresAnCH |§F i REPResERtchesansr hiopdse mgrédsiss altn%fi’dﬁl tion,
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Nbr eover , ai)"ﬁ'bfrmrl ngs ﬁ%ng£9c3g§e orttedIBye "’h"ee a Gﬁﬂf’%?%‘be%h%’ put

t he enti r:anag/@‘ eturimg [0H fifecreatpbantbbitimmtamsc Wiadpel Vinpdadvblae. thee
distortio Jporce Eﬁcﬁt ro<_n_g1 8‘!5{%& toc %da)t%laogartfé:ﬁeaq__l%h thethg\@f er I%ackm de
de it 9 .

whi ch sonetines T emaln case f "we have now to
prockss aswlegegquendtvnPar foraed . ZSPPbacmme@on@f phbeomatfle@'grlwgmsﬁm ects

are creatgd-flidd NG LY es&fmcscﬁefl@deaaha\ef,afﬁ et eRRRa ek Racksi de
cross-cont am natj on. For mm waf er processin the distortion force
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15 will be discussed in more details later on. Such a reworking

operation substantially increases the wafer processing costs.

: In addition, most of photolithography tools are provided with
a vacuum operated chuck used to support and firmly hold the
wafer during exposure to 1light. Moreover, the wafer is

20 strongly distorted by the vacuum system to put the entire
wafer in the focus plan the most accurately possible. The
distortion force is strong enough to crash particles at the
wafer backside which sometimes remain on the chuck. In this
case, even if we have now to process a wafer having a clean

25 backside, some photolithography defects are created during
exposure of the clean wafer by a phenomena of backside
cross-contamination. For 300 mm wafer ©processing, the
distortion force applied to them becomes stronger and the
probability to let crashed particles on the chuck

30 significantly increases. As a consequence of this
contamination, the photolithography tool must be stopped and
the specific cleaning procedure recommended by the tool
manufacturer is undertaken before the tool becomes operative

again in the manufacturing line.



the specific cleaning procedure recommended by the tool manufacturer is
undertaken before the tool becones operatiive again in the manufacturing
line. WO 01@8’9?@?6%? PCT/ EPOQ' 07042 Faced to this acute probl em of

m croscratc chi pping particl&, seniconductor manPAEPHEPL have

devel oped a _nunber_, of wafer cleaning procedures that. are perforned after
each LPEFEAATR pEBi®sachseg@robleme Af \BISTOIRKILSHES 3PDr BRIPRIPS prevent

t he contpagihalesn @émﬁ&idﬂdﬂo&oﬂt&ﬂﬁbdctmﬂérim&ﬂés de»e:telopéal & Cathbeér
faci I|ty, t he best waf er backside cle altpgﬁgroces nd in Li?l ng an
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(i ngl udg}@ggge %ﬂgel:ontl:gmﬂa%&)l a/tatat Jift%ﬁsg LPSELEE Chgsand zgtﬂ ppi ng

partlcl ects at the backsi e can induce up to 5% manutacturing
yi el d | @@plipapt explactlitat-ethphPenti waker hagiisigiepicd eandagyPreerss are
renmoved g &oahaplefuéﬂy@réﬁ rmsztoto@ w@éa&lﬁ@ tf&ﬂDV(Qatlhﬁléﬁoﬁe@@ﬁéér?d

hot or esi st nask. d|t| era r.ewor, ki n ffect the
P me RIPERG PRHEAL i SiAIh A hiES BRGe ROt MIGPRIRG PEopoth. St

consi deraettigs anniajb:arcks[iﬂeblﬁemeley dﬂwetHeCmﬁa(:imﬂerdmés thereddgy) of fact,
phqboll rBE recogni zed to be certainly one of the nobst 20 inportant
step in I manu ac U i ng to date. No doubt that continuous progresses in

this field the | ast decade have resulted in.a greater circuit performance

by reducipaget hﬁchbé@%‘&%hﬁ@@' &fdtbﬁlﬁﬂ(—l&eﬁafﬂ&%sat&gfé&é hgtsedné:onductor
wafer. 25 TABLE bhel ow points out t ercent age of revvorked wafers in

funct i oageTdi &HE SasuCsy Sk Wtﬂ%‘f it et )
descri begrwadagosedde arafuy pwieiElsSis not negligible. Today, they are

removed by a step of reworking the "wafer to remove the
15 deposited photoresist mask. Such additional operation of
reworking which affect the manufacturing line throughput and
the photolithography tool up-time is considered as a major
problem by the IC manufacturer. As a matter of fact,
photolithography is recognized to be certainly one of the most
20 important step in IC manufacturing to date. No doubt that
continuous progresses in this £field the 1last decade have
resulted in  a greater circuit performance by reducing the
dimensional of the devices integrated in the semiconductor

wafer.

25 TABLE I below points out the percentage of reworked wafers in
function of different types of products without and with the

above described wafer cleaning process.



WO 01/ 09926 6 PCT/ &P00/ 07042 TABLE I Product Chips per wafer Reworked
ercentage no,clean. cleaning 64 bits 330 8 %4% .25 -un 64 Mits
8% .20 256 Moits 144 15 % 10% .20 pm 256 Miits 300 20 % 10%
.175 pm As app2P¥HP26 n TABLE |, the nole the integration de®STHEPYANRE: eases
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440 15 %
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As apparent in TABLE I, the more the integration density
increases (0.25 pm to 0.175 um), the more the number of
reworked wafers increases. On the other hand, the wafer
cleaning process only slightly reduces the number of reworked

wafers.

With the conventional ladder boat design of FIG. 1,
microscratches and chipping particles formation is impossible
to avoid as a result of the important contact surface between
the silicon wafer and lthe dividers on the one hand and of
vibrations when LPCVD furnaces are used on the other hand.
Accordingly, many probl_ems can be expected in the subseguent
photolithography steps. As a whole, microscratches and
chipping particles are serious detractors of the manufacturing
vields, the direct cause of the production of bad chips that
are rejected. Therefore, in view of the above, the backside
wafer quality becomes a critical parameter of the silicon
wafer manufacturing. Ladder boats commercially available to
date and wafer cleaning procedures have shown out their
limits. Obviously, the mechanical contact between the wafer
and the dividers of the ladder boat <creates said
microscratches and chipping particles at wafer backside during
wafer loading and unloading operations because the poor
handling system accuracy to load wafers in mnarrow slots

(standard wafer pitch is .14 inch). Therefore, the solution to

boat

ly,

T The gdpsSequent | 16 igT NOQgr ap@y st eps. As

ors of
chi ps

rej ectego dmerefordg, in view of the abqgve, the backsi de wafer

I ng.



limts. Qoviously, the nmechanical contact between the wafer and the
dividers of the | adder boat creates said mcroscratches and chipping
particles at wafer backside during wafer |oading and unloadi ng operations,
because t hé¥@8¥¥9%¥5 handl ing system accuracy to | oad mafe?gnFﬂﬁﬂgﬁ?OM/slots
(standard wafer pitch is_.14 inch). Therefore, the solution to WO 01/09926
7 PCT/ ERe0 prdaben heabyesh| Byn PAFERIFIRERES: A0 AR P THPRg

particl £8,ahf, ahh SARY U¥ne TR BhoEhAsvatiWy addsigmies gheoflatider| adder
boat. SUMVARY OF THE INVENTION 5 It is therefore a primary object of the
presenfb??Rention to provide an inproved | adder boat that significantly
reduces the contact surface between the silicon wafer and the dividers. It
i s another object of the present invention to provide an inproved | adder
boat that significantly reduces the nunber of 10.m croscratches and

chi pping particles at theSHMMBRY R KBIEJENVENTIPMcr eased manuf act uring
yields. It is another object of the present invention to provide an

i nproved | adder boat that reduces the cold zones at the wafer active face
i nproving thereby the deposited | ayer thickness 15 uniformity. It is

anos her tebjgcthetef e pa epehharnvesidecan dio threo\pwksent inwventted kadder boat

t hat reduces.the i.mact of .yi ty pl..ed. ild r when it
i s procBERET % %&Be%f &%{%g%%.ﬁ‘g%?ﬁh%?s Séﬁgtl g(r: ogjic_:%é_dg% I%ts \rq/ghgr esent
i nvent i contacpravifdseabetivape othel Siddger weter tand theddividere: waf er
manuf act uri ng  cost by elimnating the need of wafer cleaning procedures
after each thermal processing step. It i s agnother object of égePBresent

n

t .
i nventi 8h 86 FAGFHEGE QRIesE PhpBfePTSIFRE BISPCLRRAL B8 BRPYT y reduces

the nunpgpré¥ed ladder boat that significantly reduces the number of
10 microscratches and chipping particles at the wafer backside

for increased manufacturing yields.

It is another object of the present invention to provide an
improved ladder boat that reduces the cold zones at the wafer
active face improving thereby the "deposited layer thickness

15 uniformity.

It is another object of the present invention to provide an
improved ladder boat that reduces the impact of vibrations
applied to the silicon wafer when it is processed in a LPCVD

furnace.

20 It is another object of the present invention to provide an
improved ladder boat that reduces the wafer manufacturing cost

by eliminating the need of wafer cleaning procedures after

each thermal processing step.

It is another object of the present inver;tion to provide an
25 improved ladder boat that significantly reduces the number of

microscratches and chipping particles at the wafer backside



m croscratches and chi pping particles at the wafer backsi de WO 01/09926 8
PCT/ EPOO/ 07042 that has becone an essential process paraneter with recent
advances in photol|thography techniques. It is another object of the
present i nveMY@®P9%26 provi de an inproged | adder boat that SFHEPIYZMR: |y
reduces the nunber of 5 reworked wafers at the photolithography stage. it
i s anot herhashj bas blecone mreseasentiait PEACESS pPOYRBETER “hifr AR adder

boat t hat dm&‘éeint BRoPEPE GhddARIRARRENhGGLesUP-time by eliminating the

necessity of cleaning the vacuum chuck thereof when contam nated. 10
According to the present invention there is described an inproved | adder
boat for ﬁ@pﬂgrhhaﬁhérpbbﬁal:i:tbeftheSq:rfiéyémtudIIﬁren\tafmr $of q:frdvfiellermln

treatnments co p batto S ve caI ach
ot her anww%4§%\%@? br?&% aISI&PFg%E %f 1%e<%uées t}ur aI | %y of support
rods sf f i xewbitloed alaketrspatnthe ptdtmhighaoersphy geddee an i nternal vol une
t herebetween and which are provided with dividers to support said wafers,

wherein said wafer dividers are profiled to have a ranp portiaon so that
the waf erItsigseanotthen abdrakpoforther Rupseass inventiepotd RFvdde ar

signi fi cappy f&ﬂ@&tlmdémeb&é@seﬁatl IMERbYEH, thEe ﬁ@ﬂéﬁﬁﬁh&gﬁépﬂ@e dsmeen
t he waf er back5| de at _its gl phery and the d|¥ rs .S se'%}réent al or

punct ual . YRR VEY Fééﬁ“b?% PR FB?eH‘eFSSBétgh Plc t Y
i nvent i onchaek Stedeift vhef toetapireswetl cl ai ns. The invention 25 itself,
however, as well as other objects and advantages thereof, may be best
understood by reference to the following detailed descrl ption of an
i || ubQratddecpr@ing r 6¢ et dinresento ipeentdan | fhevaj uifct FeRCHLPAdt AR

acconpanyi agrgéi NG84ale 08926 £9, POUERGHAZG42 a  plurality of

semiconductor wafers for thermal treatments comprising:
a. top and bottom plates vertically opposing each other
and parallel in a horizontal direction;

15 b. a plurality of support rods affixed to6 said top and
bottom plates to define an internal volume therebetween and
which are provided with dividers to support said wafers,

wherein said wafer dividers are profiled to have a ramp

portion so that the wafer is seated on a sharp corner thereof.

20 According to a significant aspect of the present invention,
the contact surface between the wafer backside at its

periphery and the dividers is segmental or punctual.

The novel features believed to be characteristic of this
invention are set forth in the appended claims. The invention
25 itself, however, as well as other objects and advantages
thereof, may be best understood by reference to the following
detailed description of an illustrated preferred embodiment to

be read in conjunction with the accompanying drawings.



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is conprised of FIGS. 1A and 1B
whi ch respectlvel y show a top view and a cross sectional view of a
conventi ona ﬁ@%ﬁé boat. 5 FIG 2 schematically shows a tO&PVi ew of the
el ectrost at '@ k (the part of th® wafer handl ing syst EMTEPOYHRA2

photol i thography tool) of a Mcrascan IIll. FIG 3 schematically shows a top
view of the el ectrost SRTEF RET(GHERION QFKSHENERAWENGS 12. 10 FIG 4 is
conprised of FIGS. 4A and 4B which respectively show a top view and a
cross sectional view of the inproved | adder boat of the present invention.
FIG 5 shows a cross-section of a saw bl ade having a - particular profile
that cafIBe Ysid cormictdheoft FEGSuppdrand 11 m@dshaceepdbhgmly tdhewr esent

| nvent | gnoBESERL PRGN, Gz ol PBEEERRED EMUDINENT AROLACa0LA S Jduel or s have
observed the quality of the backside of a l'arge a nu er o ers after
bei ng pP8&Essed in the LPCVD furnaces of the wafer manufacturing line with
the 20 conventional | adder boat of FIG 1. This observation was perforned

of _obli.que as standard They have first discovered, that
m c osc%g]{;che?s #ﬁg@ﬁlﬁ%ﬁﬁl AP 1B TRy e’?éW\/\é’fS 'tl’tﬁmﬂi%'t tEgRFatdtt act
surf acecButBcatictbas padtat ofhethel osefeer | paeldirighers3aftemas of ratgdd t of the

mechani Ll ol o] er, t hey have surprisingly
not i cedgphgtg%%%%/&véep?% %t%?e%?g%uc ‘é%sc'ég to bat ch. WD 01/ 09926 10
PCT/ EPOQ' 07042 Applicant's inventors have correlated this non-uniformty

with t@'QGpaVBt'%ﬁéﬁatSIc'él!Q&Ws@to%E thee §PuGkeRf otfhecmtwépééé{wa%aey t ool .

FIGS. 2 gn Jfllustrate two_different chuck designs of
ck of a Nikon NSR-2205i12,

10 FIG. 4 is comprised of FIGS. 4A and 4B which respectively show
a top view and a cross sectional view of the improved ladder

boat of the present invention.

FIG. 5 shows a cross-section of a saw blade having a
particular profile that can be used to machine the support
15 rods according to the present invention.

DESCRIPTION OF A PREFERRED EMBODIMENT

Applicant’s inventors have observed the quality of the
backside of a large a number of wafers after being processed
in the LPCVD furnaces of the wafer manufacturing line with the
20 conventional ladder boat of FIG. 1. This observation was
performed by a beam of oblique light as standard. They have
first discovered  that microscratches and chipping particles
are always found at the contact surface S locations and at the
close periphery thereof, as a result of the mechanical
25 friction mentioned above. However, they have surprisingly
noticed that they were not reproducible batch to batch.



5 comerci ally avail abl e photolithography tools. Now turning to FIG 2, the
chuck 15 of the Mcrascanl1l, a tool sold by SVG Lithography Systens,
Wlton, CT, USA ig characterized by the presence of an exterhal ri&g 16
that is pr oV UBE RSt h four extensionsld7 and three central Pﬁ'ﬁ(ﬁgmﬁ. 10
Ring 16 wwdth dl is equal to 2nmat the ring circunferengce except,Lat the
four ext ARRBIFANS &t 1ONSPHAEFLRVR FHFERLAMSH HFRiF BB -BRHEPTREEY Wit The
chuck 19 showerttliddlar Fdrdickupar bfofthehenhNckort NEB- pAGtbl2thégraphy

phot ol ithggrfphy tool sold by N kon Corp., 15 Tokyo, Japan has a different
structure-®9t  is conprised of a plurality of annular rings 20, ... having a
width of 2 mand of three central pads 21 di sposed according to an

equi | ater trisanglg. 4n ¢asges., e e us S gdaynon &t | east
one ring 1,e%cf)s(lg.aofg go, . . tuggn %n %&#]eﬁy?fefn%re% p% S (1& o!rwrél)

deperidi ngCePRETH I Y( fyastakds PRI HShPSraPPEntoappl i cants ' inventors
have remarked that the areas of the silicon wafer that are comon to both
said contact surface S locatigns and .sajd_rin re the exact zones where
Chey fourNoY hESFBRIIER o 125 2ni £PGs CRECENAS At 17 JhTASsaR ills 2

Appl i cant tsol nwendorisy hawes t hishatpspdiyedsaatemp, owddcbagdderr, busa tiwt
reduces t _[mg? ..of, m.crqscratc a chi pnj ar.t.i | can be
even furt%‘gﬁrl 0 e%rﬁz%eddr%en S h‘ge%ge p?%teol%%t haglgr%%%%ntagolﬁgﬁju?% %eﬂsa&gnlsls

t aken intBro‘Bl)éQd)n‘si@ér fouvnexvengismnor? anRdPCHrEROedTF42 DRUS | Fr oved

| addgy bopin@f 16heimkasent iHveghdPneh! bust rAat ethe i Pifd Goi S &ML sed of
FI GS. 4A and 4B which resgect ively, show a top view and a cross secti onal

d
vi ew t her 85FSPYL | & Cher EPBRCEXREREICD s1PSREIPTHT iR Sardi e o ke W3R hi s

drawing d2 is equal to 5 mm.

The chuck 19 shown in FIG. 3 is a part of the Nikon

NSR-2205il12, a photolithography tool sold by Nikon Corp.,

15 Tokyo, Japan has a different structure. It is comprised of a

: plurality of annular rings 20, ... having a width of 2 mm and

of three central pads 21 disposed according to an equilateral
triangle.

In both cases, the wafer thus seats down on at least one ring
20 (16 or 20, ... ) and on a few central pads (18 or 21)
depending the chuck (15 or 19) in comnsideration. ZApplicants °
inventors have remarked that the areas of the silicon wafer
that are common to both said contact surface S locations and
said rings are the exact zones where they found the maximum of

25 microscratches and chipping particles.

Applicant’s inventors have thus designed an improved ladder
boat that reduces the number of microscratches and chipping
particles which can be even further optimized when the
photolithography tool chuck . design is taken into

30 consideration.



5 to designate identical (corresponding) parts. Now turning to FIG 4, the
main originality of the inproved | adder boat now referenced 10" is to
ensure that U}’i %{:t act between the wafer backside and a _divider is .
limted to HOSEQMEhtal or punctual dGrface S havi ng a siP&ﬁ{F?P%‘Hﬂhy | ower
val ue than the 10 correspondi ng contact surface, S. apparent in FIG
the neWbd VBEPVRGwWIASHBT cheall 28 thecPrgrent ‘rr}ifﬁ?tﬁﬁf’t duSETeRgt a
si li con ismfrrc. 144= I:Es smipaﬂsaaﬁ DS IFIGE .Carnend @ eoficho reﬁépﬁlcml.?elﬁal d
cont act urface hi s gartlcul ar _shape. can Pevobt i.,ned ob‘%/ pEing slots
the

in suppog Y olis tf? Vlues“l' n &t afitia7 a Ctl;loﬂal ng lr’r'&'chlher atilted
saw bl ad@f@nr@tnnravnngerhbs (edtist ppimey) saep wowi hsed| in hehsisotisaumgf or med

and ot hen., ARSAIHA0 {416 SUBPOT Lok odSpdAni i Mol t AR Rt p! at es

11' to fabr| cate t ng oat 10 However, the
i rrprove(fmadder thenthaidn A oRaBLiENt 0d Ah6t REPTOVedaYaddeie PRAL 2ROV bot t om

pl at ]gs %{éfe&%ﬁ@galjﬁd V\z![.i hes WRirle £BEE tAd' cmadtfuoég%ahneﬂed&@féml ﬁ! ots

are I r uce n Su or usi n a Stan rinal cni ne

That | < TSGR S PadiviasE has MmIU8R BE BePrREAbL ( AL BRATEEhnd t he

support swfaceThen, bavimg a setsighisdvabtbylesldwer nyaduepethan 2&herofile,
5 | |

| ne o*algraeﬁg%%k]&é’ecgﬁ @«E’WEui»PaEé% Bs d%gtg&taﬁwgott 1% Signul {igneously

e saw ades are inser om’of ‘the slots and
then movEY oNAAGE dBowhrekeranded 184t dnFhedesd & rmarpe POREiPANEC pEtat on

nmenti ongd 3PPVEo Ylifed headag reshidd| £ A4S HRARPRI W¥rnch RHSTeot Wl 5 the
angl e 30 defi.n e saw bl ade rofile d}eterm nes the rﬁggﬁport i.on

profile. H%“'&Zﬁag??‘gu?%?taﬁf‘pl A&t Pon, T i AU 13' s
equal t odt2imedabyg £bemimyglsdcafs ulnesuppqsrw ztchis he Imelingoat atasbamtion is

aboyt 3. E@ﬁ‘sﬂé | ‘Jn%c?agnéhbo'ﬁtaﬂﬂltﬁ P WY ERFIRR I RISy Rndiust be

greater an z
rod step by step until all the slots are formed and then

assembling the support rods 12’ with the top and bottom plates
11‘A and 11'B to fabricate the improved ladder boat 10’.
However, the improved ladder boat can be fabricated another
20 way. The top and bottom plates are assembled with support rods
12’ not yet machined. Normal slots are first produced in the
support rods using a standard grinding machine that is mounted
inside the internal volume defined by the plates and the
support rods. Then, using a set of saw blades having a special
25 profile, such as the saw blade 21 shown in FIG. 5, the grooves
are simultaneously machined again. The saw blades are insertead
at the bottom of the slots and then moved downwards while
still rotating to create the ramp portion mentioned above with
the desired angle. As apparent in FIGS. 4 and 5, the angle
30 defining the saw blade profile determines the ramp portion

profile.

In a particular implementation, the length of the divider 13~
is equal to 12 mm and the angle of the ramp with the
horizontal direction is about 3°. The value of this angle
35 which depends of the pitch P’ must be greater than zero and



WD 01/09926 12 PCT/ EPO0/ 07042 preferably greater than 2. In this

I npl ementation S is equal® to 1 mm2.. Another significant feature is the
nunber of support raods 12' nowlimted to three which suffice to define a
plane to 5 SYH) % he wafer. As appatznt in FIG 4, thesePtHEE¥ 2 Mport
rods 12' preferably have a circular section and thus are glas ders

3
(ot her shepREelY GFertsih thrR ¢Vt i HarfRiy WRiseentahioR %hv??%i%%él as

wel 1'). Suppor tmi2ods can be placed as shown in FIG 4. This reduced nunber
of support rods in turn 10 not only reduces the contact surface but also
the detrinmental influence of the vibrations produced during LPCVD steps.
Two addianorkedr redmiFicaan featerer éd tbet humbep ahdstppewin g ek’ to

| mprove LGy OMAAlleal aggleiedt bl bhe r1BESGd Waer2fid! td OB3bnbOGS, Can
reveal to be worthwhile during either high 15 tenperature treatnments or
duriny LPSwPetepsheaafinte iAF EFParepisdnt F&G - akl okheser Bree FHRPONt act

surface Spoadsir fhdeG@NFECUHPBCE, ol POLTONt AL iDW haGethist ¥Be f @l4ks

reduced. It_first i nimgzed to substagntjally.a segnental, or unct ual

surface (FEHRARHR chobYSS FRIRE® by eFRESHodtem g S0l yF ifnerhgie

supports ¢afsbe0 anlisiidiede asswehll) of Ssbyorth riode codryebéi grizlceldadter boat

10 of FIG., 1. The al ,co t ce . | oW I e t A o 1. €. 3
sh hite ] %‘E& A gﬂ(ﬁ)i‘%nﬁ)aé&%‘li‘ FuhSed C%NS Sul%posz%n reogi§ J.Iig Xt§.1rn

m2 (to b€ %%nnpared Wi s conta ace reductron 1I's an
esselli al notispaty Fedudes dthenpmitasty egudacehbuhuabee bhenfietvimenttahes 25

and_chi ppiAgpPatdd Cb£S AR EBEa b ZORERuAa td’{ﬁ:ﬁg | MRVRACS e . URG Waf er
to i nprove _deposited | ayer thickness uniformity. till. another jnportant

_ y
feature ofdfkerRabhdads @2 cant Rt seepred seqyridift &ePopnguRettol RSt is
pr ef er abl yopetmprstas Iheutcietall helad@déncCtbadtea rigideen. t hrehewd ercvmcksi de

and the  phot ol LLoGraAMGhugke .| N gther, uonda, ANENEYRL OBSLY!E G
15 temperature treatments or during LPCVD steps because in this

case they allow to reduce the contact surface 5‘.

As a final consequence, the contact surface is two £fold
reduced., It first is minimized to substantially a segmental or .
a punctual surface (represented by S’} and by the reduction of
20 the number of supports rods to only three instead of six in
the conventional ladder boat 10 of FIG. 1. The total contact
surface is now represented by 3xS’, i.e. 3 mm2 (to be compared
with 36 mm2). This contact surface reduction is an essential
aspect in the attempt to reduce the number of microscratches
25 and chipping particles and the cold zones at the active face

of the wafer to improve deposited layer thickness uniformity.

Still another important £feature of ladder boat 10’ is that
this segmental or punctual contact is preferably performed
30 outside the contact area between the wafer backside and the
photolithography chuck. In other words, whenever possible any
mechanical contact between the zones of the wafer that have

been in contact with the dividers during the thermal steps and



nechani cal contact between the zones of the wafer that have been in
contact with the di viders during the thermal steps and WD 01/09926 13

PCT/ EPOO/ 079‘%2% zones of the chuck supporting the wafer durin .
phot ol i t hogra ps shoul d be avoilded. The rework rate FGIEPRUNPLge of

r ewor ked vvafers) i_ven _below in TABLE II for the sanme products as

| i sted |'1"PeI'ABEEmFS fe 1 hatPYGEk { NFWPRALENS hethiRf e?’aEFganidﬁﬁlﬁgocess

ment i oneshatiehbasaphy s paicaaTed deshdss®e. it is no | onger necessary.
The backside wafer is clean enough to be directly processed in the

phot ol i t hogr aphy tool w thout causing any contam nation to the chuck. 10
TABLE | | The otewsr kReas ek édevedrtage @fc aswayked ouafens)0 % given hedawhi t s
1-2 % . 20| pAly 2 50 '\%f Stite dsafle -AbRIBEOGsMIikEea 1o TiﬁﬁEptzn KBeei Mproved

| adder boat 10" finds extensive applications in the silicon _wafer
manu¥ act"dff"i‘%gm i HiFartaseul dbef é?’iafFHe"lE%’bb%‘Fth‘ERF?ﬂs feRtirnrdsrBover Si 3N
pad and K&ppidy Beﬂéfﬁrp&rf&méhhbécmﬁs D ddelddgerowriddsadael trat 10

b d th I t at b
T i 11 TR SRESE ot e HOLe s ATITEE B PReSAFTet Mo PFE8a HoBRF i cat ons
in the detsegplicthogeplyvidel switibusf chlbeing asigie rcdrosmicesdonbed theve by

referencg,i& FIG 4 may be made 20 without departing fromthe spirit or
scope of the. present

10 : TABLE II

Product ' Reworked wafers percentage
64 Mbits 0%
.25 um :
64 Mbits 1-2 %
.20 um
256 Mbits 2-4 %
.20 um '
256 Mbits 5%
.175 pm

The improved ladder boat 10’ finds extensive applications in
the silicon wafer manufacturing, in particular £for the
deposition of the thin Si02 or Si3N4 pad and capping layers.
15 Other designs of the improved ladder boat 10’ can be
envisioned as far as they respect the general rules stated
above. It will be apparent to those skilled in the art that
various modifications in the design of the dividers and of the
ladder boat described above by reference to FIG. 4 may be made
20 without departing from the spirit or scope of the present

invention as expressed in the following claims.



invention as expressed in the follow ng clainms. W 01/09926 14

PCT/ EPO0O/ 07042 CI AIDS.111111112112211 1Q3l Lt 1111 S 1. An inproved

| adder boat for supporting a plurality of sem conductor wafers for thermnal
treatnents cd’f’t‘bﬂ’?gﬁg: a. top and bottoa plates vertically SEPEEIMY*Rach
other 5 and parallel in a horizontal direction; b. a plurality of support
rods affixed to said top and bottom plates to define at [H

t her ebet ween and which are provi dedephffisdi viders to s I!IJ mlmnm"mms
wherein said wafer dividers are profiled to have a ranp 10cpo‘rti"on ’so *t hat
the wafer is seated on a sharp corner thereof. 2. The inproved | adder of
claim1l wherei fint hapeepbactladuiet! assutberveerubpervehgr sbaskstdlicitat bfs

peri phery and the gividers is segmental or punctual. 3., The | adder boat of
Sl aim 1 WAERLPAREHEESH QIR ERE PAFAMSL FXRATISDEE ROPPELFIA di rection i s
greater than 2a.4tophandaddetchoatlatbscveiriidahber ebpoiiwy asgte othéhe ranp
W th %he hoaizontfi firection.is gbfq@.30..5..The | adder boat of claim1
where? n t ABIANBRBRT 1S FshSPELZPBERY i S 5%ifd1°™ 0 three so that the wafer is
supported on ohblya W urhiéeypoifntsuppepar atogdd Bf fdxedngice sdidOto. afddie

| adder boat ., of claim5 erein said support Jrods.,have _.a circul ar

cross. secPPERom Piae? M e & *therreal FUPLARY it e

addi t i onawhiglsanetpyproidafeadriwht Aivideders tsoppoptosaidiwaiguns, 25 t her eof
each add't'm%eilrrpdsﬁangva@eace&iﬁ%ﬁenawop'ilaema dPUfavd Nies Shgst Has

Been Replaq |I¢ , i
10 portion so that the wafer is seated on a sharp corner thereof.

2. The improved 1ladder of claim 1 wherein the contact
surface between the wafer backside at its periphery and the

dividers is segmental or punctual.

3. The ladder boat of claim 1 wherein the angle of the ramp
15 with the horizontal direction is greater than 2°,.

4. The ladder boat of claim 3 wherein the angle of the ramp

with the horizontal direction is about 3°.

5. The ladder boat of c¢laim 1 wherein the number of support
rods is equal to three so that the wafer is supported on only
20 three points separated by an angle of 90°.

6. The ladder boat of claim 5 wherein said support rods have

a circular cross-section.

7. The ladder boat of claim 1 further comprising two
additional rods not provided with dividers to improve rigidity
25 thereof, each additional rod being placed between two support

rods.
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WO 01/ 09926 15 PCT/ EPOO/ 07042 8. The | adder boat of claim2 wherein said

segnental or punctual contact is performed outside the contact area

between the wafer backside and the wafer support zones of the

el ect r ost atV@OK¥MBASk of the photol it hography tool to be SPSHERREIMAL |y used

in the course of the wafer manufacturing. iilllihlilillill This Sheet Has

Been Repl.acethe~ ladgder| |baat | pf |clpfim |3 | whereimpseifdogpmrepfal or

PCT/ EP e ﬂheddﬂt%blﬂabkeaabe&ﬁééau on 18
ngg%g&%h R &Uﬂéﬁo&h@a bM@Q;L@ey @

Januar original _cl ai 8 anended; ge\l\%l aim9
added (Zhﬁagé@f?rl Ei‘iliﬁlfﬂlfffl o e ?Lrl Isngqrtk EPeRy ° i nproved
| adder téq_@t;tj_»ggtggp@or&mﬁtgq a ¢ ureid typ}m‘tolseﬁbgﬁaldlnmt oroalaf ek floe t her nal

tregtments co ing: a.,.t and bott Hld si ng each
ot har - E?ué’ﬁ&qﬁng i?e‘?s?cﬂ = %@Fl ZoRt 8‘&'mrec }"%%e &é%éut?ﬁa: @y of support
rods affixed to said top and bottom plates to deflne an internal vol une

t her ebet ween and which are provided with dividers to support said wafers,
wherein said wafer dividers are profiled to have a ranp 10 portion so that
the wafer is seated on a sharp corner thereof, the contact surface being
limted to a segnent of line disposed on a circle that is concentric-to
the wafer periphery and is spaced therefromto avoid m croscratches and
chipping particles during said thermal treatnents. 15 2. The i nproved

| adder of claim 1l wherein said contact :

O
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surface between is substantially punctual. 3. The | adder boat of claiml
wherein the angle of the ranp wth the horizontal direction is greater
than 2. 4. _The | adder boat of claim 3{gherein the angle of the ra 20
with the hBP%8HE% direction is about 30. 5. The |adder BOHEFBO™Wtaim 1

wherei n the nunber of support g:gdu o three so that the wafer is

supported on onl t hr.ee I nt n angl f 90, 6. The | adder
boat of claim5 ‘_’éflﬁyéé)ﬁ%te upegy on J@“ag%% ?g%r(ydﬁ r
cross-section. 7. omngigalckims 2948 agrendsdspew ¢lamy P @885 )si ng two
additional rods not provided with dividers to inprove rigidity AVENDED
Snt KT (ARTI CLE 19) This Sheet Has Been Repl aced 111111”"“'11”'""ﬂﬁimmﬂlllll
WO 01/ 09926 PCT/ EPOO/ 07042 17 L M S thereof, each addi

pl aced between two support rods. 8. The | adder boat of *cl & nt2 %hetei™m
said contact surface is performed outside the contact area between the
wafer 5 batksi d® aHPRIYEAnraddeTyRABFEL A AURFOTERRT e Pe AFREAEY ¢ ©€huck of

t he phot ol i s&RHcnREtbDOvatsrs Horsthammplesrbatheatd comptiimour se of the
waf er manuf acturi ng. 9

: t Q [ 0cessin em_conduct or fers for
thermal treat nmetts @or%ﬁ rslp?c’r'\%%?’h@flg‘?%%sv%%w%&ig. PPV Ny I%&&gr boat
conpri sbng: and grraideboir omlpinizestakrdinegklionppposi ng each ot her and

par gl {el inda hag i Zong Bl SC Id FOMbuppBrP| Wbk | A¥eBledS WP Widr @dp bk xed to
sl op anbottom-plates to define an interxrnal volume thexebetween and

which are provided with dividers to support said wafers,

wherein said wafer dividers are profiled to have a ramp

10 portion so that the wafer is seated on a sharp corner thereof,
the c¢ontact esurface Dbeing limited to a sgsegment of 1line
disposed on a circle that is concentric to the wafer periphery

and is spaced therefrom to avoid microscratches and chipping

particles during said thermal treatments.

15 2. The improved ladder of claim 1 wherein said contact
surface between is substantially punctual.

3. The laddexr boat of c¢laim 1 wherein the angle of the ramp
with the horizontal direction is greater than 2°.

4. The ladder boat of claim 3 wherein the angle of the ramp
20 with the horizontal direction is about 3¢.

5. The ladder boat of claim 1 wherein the number of support

rods is egual to three so that the wafer is supported on only
three points separated by an angle of S0°.

6. The ladder boat of ¢laim 5 wherein said support rods have
25 a circular cross-section.

7. The 1ladder boat of c¢laim 1 further comprising two
additional rods not provided with dividers to improve rigidity

AMENDED SHEET (ARTICLE 19)
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bottom plates to define an internal volune therebetween and 15 which are
provided with dividers to support said wafers, wherein said wafer dividers
are profil P PB4 e a ranp portion so that the wafer | PCTERIWWOZN a sharp
corner thereof, the contact surfaceqgeing |imted to a segnent of |ine )
di sposed on a circle that is concentric to the waferﬂk[)leri phery 20 and is

spaced therefromto avoid m croscratches and c Imm mﬂwﬂlﬁs during
Lo r wafers in*

said thermal treatnments; b. placing a pluralit
said wafer dividers; c. placing the |adder boat in a hdat °t r tat nent
furnace; 25 and, d. setting the tenperature of the furnace to the desired
t enper at ur e therppdcesacH elditfiersl rHdi beBhpqiladas BetweeReivacevpport
AMOVEDSHEET(AREI CLE 19) 111121211 FEEEil bt retld

8. The ladder boat of claim 2 wherein said contact surxface
is performed ocutside the c¢ontact area between the waferx

5 backside and the wafer support zones of the electrostatic
chuck of the photolithography tool to be subsequently used in
the course of the wafer manufacturing.

9. A method of processing semiconductor wafers for thermal
treatments comprising the steps of:

10 '~ a. providing a ladder boat comprising:
-top and bottom plates wvertically opposing each other
and parallel in a horizontal dirvection; _
-a plurality of support rods affixed to said top and
bottom plates to define an interxnal volume therebetween and
15 which are provided with dividers to support said wafers,
wherein said wafer dividers are profiled to have a ramp
portion so that the wafer is seated on a sharp cormer thereof,
the contact surface being 1limited to a segment of 1line
disposed on a circle that is concentric to the wafer periphery
20 and is spaced therefrom to avoid microscratches and chipéing
particles during said thermal treatments;

b. placing a plurality of semiconductor wafers in said
wafer dividers;

c. placing the ladder boat in a heat treatment furnace;
25 and,

d. setting the temperature ¢f the furnace to the desgired
temperature to process the wafers.
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